Summary The purpose of this cohort study is to shed further light on the potential carcinogenic effect indicated by a Swedish case control study of the 2,4-dichlorophenol and 4-chloro-ortho-cresol based phenoxy herbicides, unlikely to be contaminated with 2,3,7,3,7, 
Pllenoxy herbicides have been used for weed control in agriculture and forestry since the late 1940s. Phenoxy herbicides cause the same growthpromoting response as naturally occurring auxins; higher concentrations lead to a disturbed and abnormal growth causing death to the plant. In general, dicotyledonous plants are more susceptible to phenoxy herbicides than monocotyledonous (Loos, 1975 ). There are three major types of phenoxy herbicides: (1) T-type, compounds based on 2,4,5-trichlorophenol, e.g. 2,4,5-T; (2) D-type, compounds based on 2,4-dichlorophenol, e.g. 2,4-D; and (3) M-type, compounds based on 4-chloroortho-cresol, e.g. MCPA. The T and D phenoxy herbicides can be contaminated with dibenzodioxins, but the highly toxic 2, 3, 7, 3, 7, is only likely to occur in phenoxy herbicides of the T-type. Methylated dibenzo-p-dioxins are possible contaminants in M phenoxy herbicides (Sbrup, 1982) . The T phenoxy herbicides are used mainly in forestry, whereas the D and M compounds are primarily used for weed control in cereals. Agent Orange was a 1: 1 mixture of 2,4,5-T and 2,4-D (Bovey & Young, 1980) .
In 1977, clinical observations in Sweden indicated that development of soft tissue sarcomas (STS) could be related to exposure to phenoxy herbicides (Hardell, 1977) . Two subsequent case-control studies, one in Northern and one in Southern Sweden, showed relative risks of 5.3, C195 2.4-11.5, (Hardell & Sandstrom, 1979) and 6.8, CI95 2.6-17.3, for men exposed to phenoxy herbicides. A cluster of patients with malignant lymphomas (ML) and previous exposure to phenoxy herbicides and/or chlorophenols was reported from Sweden in 1979 (Hardell, 1979) . A case-control study showed here a RR of 4.8, CI95 2.9-8.1, for exposed men . Three cases of STS were reported in 1981 from small cohorts of US workers exposed to 2,3,7,8-TCDD in the manufacture of 2,4,5-trichlorophenol or 2,4,5-T; a number substantially above the expected for US males (Honchar & Halperjn, 1981) .
Subsequently, an additional four cases of STS were identified among employees from 2,4,5-T manufacturing plants (Cook, 1981 ; Moses & Selikoff, 1981; Johnson et al., 1981) . In combination these Swedish and US studies indicated a carcinogenic effect in humans of components in the T phenoxy herbicide (e.g. 2, 3, 7, 2,4,5-trichlorophenol) or of the T phenoxy herbicide itself. The validity of these studies has been widely discussed; special attention has been given to a potential recall bias in the Swedish case-control studies (Cole, 1980) and to the correctness of diagnoses and work place exposures of the US cases (Fingerhut et al., 1983) .
In Denmark the consumption of 2,4,5-T has always been limited and the herbicide has not been marketed since 1980. However, there is a considerable agro-economic interest in the D and M phenoxy herbicides of which the yearly consumption is 3000 tons. In the case-control study of STS from Southern Sweden it was possible to analyse for the effect of exposure to the D and M phenoxy herbicides exclusively; the RR was 4.2, CI95 1.3-13.4 . The present study was initiated in order to shed further light on the potential carcinogenic effect in humans of the D and M phenoxy herbicides unlikely to be contaminated with 2,3,7,8-TCDD.
Materials and methods
Manufacture ofphenoxy herbicides in Denmark Phenoxy herbicides have been produced by four companies in Denmark; compounds and time periods are listed in Table I . As Kemisk Vwrk K0ge (KVK) is by far the largest producer a detailed description of this company is given below. The KVK-plant was set up in 1933 and by 1947 had divided into four manufacturing departments; (i) lactic acid; (ii) aniline based, black dyes, (iii) various organic and inorganic dyes and pigments and (iv) aniline salts used in the previous department. The manufacture of 2,4-D was commenced in department (iv) on 1947. Figure 1 shows the main products of this department in 1947-81. Beside phenoxy herbicides these were aniline salts, copper thalocyanin, malein hydrazide, cetyl pyridinium chloride, sodium hypochloride and sodium acetate; purchased DDT, parathion and dinoseb were formulated in the department. 2,4,5-T and hexachlorophene were produced in department (iv) (Lynge, 1985) .
Cheminova and Danske gasvarkers tjarekompagni From these companies lists were received of persons known to have been employed in the previous production of MCPA. However, as their completeness could not be checked with external data sources, data from these companies were not considered suitable for inclusion in a cohort analysis. Table IV the persons are tabulated by department in the factories. An employee is counted under a given department if he/she has at least one registered employment period there. The sum of employees in the departments is consequently slightly higher than the total number of employees. A total of 690 males and 250 females had assignment to departments for manufacture and packaging of phenoxy herbicides in the two factories. In the total cohort 59% of the males and 50% of the females had been employed for less than one year. Persons, identified from ATPrecords only, had the same proportion of short term employees as the entire cohort. Table V shows the observed and expected number of cancer cases by diagnostic group for all male and female employees from the two factories bTwo persons with employment before and after the manufacture of phenoxy herbicides were excluded from the analysis. 
Discussion
The indication from the Swedish studies of the human carcinogenicity of phenoxy herbicides has been followed up in further epidemiological studies. Two additional case-control studies were carried out in Sweden. A study of colon cancer patients was set up in order to control for a potential recall bias in the studies of patients with STS and ML. Colon cancer was not expected to relate to phenoxy herbicide exposure, and the study showed a nonsignificant RR of 1.3, CI95 0.6-2.8 (Hardell, 1981) .
Patients with nasal and nasopharyngeal cancer were studied in order to detect a possible risk from inhalation during spraying. This study showed a non-significant RR of 2.1, C195 0.9-4.7, in men exposed to phenoxy herbicides (Hardell et al., 1982) . A New Zealand case-control study covered patients with cancer in connective tissues. Cancer controls were used and the study showed a nonsignificant RR of 1.6, C190 0.8-3.2, (Smith et al., 1983) . A cohort study of 1,911 Finnish sprayers showed less cancer deaths than expected (Riihimaeki et al., 1982) ; and no cases of STS (expected 0.1) or ML (expected 0.5) were observed (Riihimaeki et al., 1983) . Among 348 men who sprayed along Swedish railway tracts an excess number of cancer deaths was observed, especially for stomach cancer . The cancer mortality was not increased among 145 Swedish forestry workers exposed to phenoxy herbicides, but an excess risk was observed among 16 foremen (Hogsted & Westerlund, 1980) . Three follow-up studies have been undertaken of small groups of workers exposed to 2,3,7,8-TCDD during accidents in the manufacture of 2,4,5-trichlorophenol; at BASF AG, German Federal Republic (Thiess et al., 1982) , at Monsanto, Nitro, West Virginia, USA (Zack & Suskind, 1980) , and at Dow Chemical, USA (Cook et al., 1980) . Taken together, the three studies show a RR of 1.29, C195 0.78-2.01, for overall cancer mortality. In the German study 3 cases of stomach cancer were observed versus 0.70 expected (Thiess et al., 1982) . No cancer cases were observed among men remaining in the company's employment 10 years after an accident during the manufacture of 2,4,5-trichlorophenol at Coalite, UK (May, 1982) . A follow-up study from Dow Chemical, USA, covered 204 men employed in formation of 2,4,5-T; one cancer death was observed versus 3.6 expected . A mortality study of 884 men from the entire Monsanto plant, Nitro, West Virginia, showed an RR for overall cancer mortality of 1.13, CI95 0.79-1.57. Among 163 decedents, 58 had worked in areas of 2,4,5-trichlorophenol or 2,4,5-T production; increased PMRs for lung and bladder cancer were seen both in this group and among decendents from other parts of the plant (Zack & Gaffey, 1983) .
As referred to in the introduction three deaths from STS were observed in the US cohorts of workers exposed to 2,3,7,8-TCDD during the manufacture of 2,4,5-trichlorophenol or 2,4,5-T (Honchar & Halperin, 1981) . Additionally, one live cohort member was reported to suffer from STS (Cook, 1981) . Later 3 cases of STS were reported among workers in 2,4,5-T manufacturing plants (Moses & Selikoff 1981; Johnson et al., 1981) . A review of employment records and tissue specimens for the 7 cases suggested that only 2 of the 4 cases identified on studied cohorts were STS; whereas the 3 cases outside cohorts were all confirmed as STS, but for these patients company records showed no specific assignment to 2,4,5-trichlorophenol or 2,4,5-T departments (Fingerhut et al., 1983) .
Among 584 cancer cases (excluding nonmelanoma of the skin) reported to the Agent Orange Registry, USA, 117 cases were malignant lymphomas; a significantly higher proportion than in the equivalent SEER-data (Young et al., in press) . One thousand two hundred and forty-seven Ranch Handers who sprayed Agent Orange in Vietnam in 1961-71 have so far not experienced a higher cancer mortality than an equivalent group of US pilots from the Vietnam War (United States Airforce, 1983). Vietnamese studies have established suggestive evidence of an association between wartime herbicide exposure and primary liver cancer (Westing, 1984) .
The observation in the present cohort study of five STS cases.in contrast to 1.84 expected among males employed at KVK and EK supports the Swedish observation of an excess risk of STS following exposure to the D and M phenoxy herbicides, However, it is possible to question this conclusion from several points of view.
First, one patient probably had a hereditary predisposition for development neurofibrosarcoma. However, hereditary predisposed cancer cases also contribure to the standard rates, and there is no reason why chemical exposures should not increase the risk of STS in subjects who are already genetically predisposed. The patient is excluded from the calculation when a 10 year latency period is taken into account.
Second, one patient was notified to the Cancer Registry with a lymphosarcoma in the right groin before employment at KVK. Hospital files showed that this diagnosis was never confirmed. The patient had been locally irradiated for his suspected malignancy with a small dose; his second malignancy developed in the larynx. It is unlikely that the larynx dose of the patient has been of any significance as doses received in distant organs are considerably smaller than that of the irradiated site (Stovall, 1983) . Here too, it is relevant to point out that cancer cases developed in patients who have previously received radiation therapy contribute to the standard rates.
Third, only one of the patients was assigned to the departments for manufacture and packaging of phenoxy herbicides. It does not seem reasonable, however, to consider the other patients as unexposed. KVK is located with a limited area which is still today marked by the phenoxy herbicide production. Three patients had been employed in the shipping department. In principle only sealed goods are handled here but medical certificates with diagnoses from the 1950s show sick leaves among employees due to cauterizations caused by exposure to other substances in this department. Regarding the possible exposure of manual service workers it is important to take into consideration that the predominant production of the 1960s and 1970s was the spray dried MCPAsodium salt. If the calculation is limited to males with assignment to departments for manufacture and packaging of phenoxy herbicides, manual service functions and unspecified, a total of four STS cases are observed in contrast to 1.01 expected RR=3.96, Fourth, the employment periods for three of the patients are very short; 3 months. 3 months and half a month, respectively. This, however, accords with the observation from the Swedish case-control studies. In the study from Northern Sweden 5 out of 13 exposed cases had worked with phenoxy herbicides for 3 months or less (Hardell & Sandstr0m, 1979) . One of the patients in the cohort ran a small farm beside his work at the plant, making additional exposure during spraying possible.
Fifth, the STS risk is only observed among males. Among females only a total of 0.75 cases is expected, and 22% of the female person years at risk derives from office employees in contrast to only 6% among males. The majority of the female office employees had worked at the KVK Copenhagen office.
Sixth, the patients could have been exposed to 2,4,5-T. Such exposure is unlikely due to the limited amount of 2,4,5-T processed at KVK. Only one of the patients had been employed during the years 1951-52 when a total of 5 tons 2,4,5-trichlorophenol was produced.
Last, occupational mortality data from the UK indicate a slight, social class gradient in the mortality from cancer of the connective tissue (ICD 8, 171) (OPCS, 1978) ; equivalent data are not available from Denmark. As the cohort members mainly belong to social classes III, IV and V one may ask whether the observed RR of 2.72 for STS in this study reflects risk factors related to social class than to the work place. However, standardization for social class based on the UK data would only cause a marginal decrease in the observed RR, and the relevance of the UK data is difficult to evaluate as tumours of the connective tissue (ICD 8, 171 ) only constitute about one fourth of the incident STS cases in Denmark.
Seven ML cases were observed among males in contrast to 5.37 expected, giving of RR= 1.30, C195 0.52-2.69. The Swedish study of male ML patients showed a RR of 4.8, C195 2.9-8.1 . Furthermore, 6 of the 7 ML cases in the present study occurred among males assigned to the department for manufacture of pigments at KVK. Thus, concerning ML the results in this cohort study do not support the Swedish observation.
The total number of cancer cases among the 3,021 males in the cohort is equivalent to the expected number. For the 1,069 females the total number of cancer cases is below the expected number, with the deficit coming from KVK. The same results are obtained after -xclusion of nonmelanoma skin cancers for which there might be a diagnostic bias. Furthermore, the total number of cancer cases among the 690 males with assignment to departments for manufacture and packaging of phenoxy herbicide is also close to the expected, whereas it is below the expected for the 250 females within these departments. The overall cancer incidence is consequently not increased either among all employees at the two plants or among employees with assignment to the phenoxy herbicide departments. However, it is important in evaluation of these results to consider that according to data on the work force reported to the industrial statistics the KVK cohort is not entirely complete for the first 10-15 years after the manufacture of phenoxy herbicides was commenced in 1947. For single diagnostic groups other than STS and ML the study has shown an excess risk for lung cancer; RR=2.06, C195 1.03-3.69, and for rectum cancer; RR=4.08, C195 1.11-10.45, for males with assignment to departments for manufacture and packaging of phenoxy herbicides, and an excess risk of cervical cancer; RR=4.71, CI95 1.28-12.05 for females with assignment to these departments. These observations derive from tabulations with 17 diagnostic groups for males and 20 for females and may consequently be due to chance. The excess lung cancer risk is seen among males at both KVK and EK. Both plants are located near provincial towns and workers were previously recruited mainly from the countryside, where the tobacco consumption was relatively low in the 1950s (Lindhardt, 1960) . Seven of the patients had worked in the 1960s and 1970s where the spray dried MCPA-sodium salt dominated. Although phenoxy herbicide was predominant other substances were produced as well (see Figure 1) . However, none of these is known to be associated with an excess lung cancer risk. Three KVK workers had previous assignment to the pigment department where zinc chromate was formerly produced as one of the many pigments. Exposure to zinc chromate is associated with an excess lung cancer risk (Langaard & Vigander, 1983) . Three patients were notified to the Cancer Registry with occupations recorded in the national statistic with excess lung cancer risks; baker, butcher and brewery worker (Danmarks Statistik, 1979) . Previously, a non-significant excess lung cancer risk had been observed among white males employed in manufacture of 2,4,5-T for more than one year (Zack & Gaffey, 1983 ). An excess lung cancer risk was also observed among pesticide workers exposed to a variety of pesticides including 2,4-D and MCPA (Barthel, 1976) . Based on the data presented here it is not possible to draw a conclusion concerning the lung cancer risk following exposure to phenoxy herbicides.
The excess risk of rectal cancer observed among males assignmed to the phenoxy herbicide departments is surprising as the Swedish casecontrol study showed a non-significant relative risk for colon cancer of 1.3 (Hardell, 1981) and the two diseases are aetiologically closely related. The present study is the first including females exposed to phenoxy herbicides. An excess risk of cervical cancer is observed, and a total of 5 cervical cancer patients had previous assignment to the phenoxy herbicide packaging department at KVK in the early 1960s. It is not possible, based on the available data, to draw a conclusion as to the aetiology of this excess risk of cervical cancer.
It was the repeated observation in the Swedish case-control studies of a RR of 5-6 for STS following exposure to phenoxy herbicides that caused concern in agencies for occupational health and safety about the possible carcinogenity in humans of phenoxy herbicides. The present cohort study has shown that several potential biases have to be taken into account when the Swedish observations are tested in other settings. Among the five STS patients in the present study one was identified as cohort member based on the pension scheme data (ATP) only. For the three dead patients only one of the recorded causes of death indicates a STS. It is consequently necessary for a retesting of the Swedish observations on a cohort design to have both a complete registration of exposed persons and a population based cancer register with data on both topography and morphology. Even in Denmark it has been difficult to fulfil the first of these requirements, and a continuous follow-up of the complete cohort of persons employed in the two factories -after 1964 is desirable.
